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CHAPTER 1 
 
 
 
 
INTRODUCTION 
 
 
 
 
1.1 Research Background 
 
 
There are two types of tenderness as reported by Crawford (1989).  The first 
type is characterized by the asphalt mix being difficult to compact when normal 
construction techniques are used.  Re-compaction attempts will result in a decrease in 
pavement density.  The other type of tenderness is characterized by the asphalt 
mixtures being slow setting after construction.  This type is sensitive to turning 
traffic and power steering.  It may also lack resistance to critical loading, especially 
during hot weather. 
 
 
The problem of compaction of tender mixes is actually has been observed for 
years by United States.  Tender mixtures are not stable under the roller and tend to 
move laterally when rolled.  This lateral movement sometimes result in hairline 
crack.  Hairline cracks that sometimes results when rolling tender mixes are usually 
very shallow and do not cause a significant problem.  However, these cracks allow 
the mix to absorb moisture and may reduce the durability of the hot mix asphalt 
(HMA).  They may provide a weakness in the HMA pavement that may result in 
crack growth and eventually premature failure.  In the past year, most tender mixes 
were attributed to excessive temperatures or excessive sanded mixes.  There are 
many other possible reasons for the tender mixes but these two causes appeared to be 
mentioned most (Brown et al., 2000).   
 2
The complaints about tender or slow setting asphalt pavements in the United 
States always arise at about the same time of year which is from about the first part 
of July through the middle of September (Tarrer and Wagh, 1991).  At this time of 
year, ambient temperatures are high.  Tender pavement rarely occurred in cool 
weather therefore it seems obvious that one of the conditions that must be obtained 
for this type of distress is hot weather.  Furthermore, Hot Mix Asphalt Paving 
Handbook (2000) shows that gradation that close to the maximum density line 
(MDL) may have at times lower than desirable Voids in the Mineral Aggregates 
(VMA) which will result in very little void space within to developed sufficient 
asphalt thickness for durable mix.  It is also recommended that such gradation to be 
avoided so as not to produce mixes that are tender and difficult to compact 
 
 
Brown et al. (2000) reported that in the early to mid 1990s, Superpave mixes 
began to be used in the United States.  For the most part, these mixes have been 
coarse-graded mixes with relatively high coarse aggregate content.  Experience has 
shown that when these mixes are tender, they act similar to tender mixes that were 
encountered in the past.  Based on two surveys by National Asphalt Pavement 
Association (NAPA), it appears that approximately 40 percent of coarse graded 
Superpave mixes experience some tenderness (Brown et al., 2000).  Therefore, as a 
result of reported tenderness problems, the Federal Highway Administration 
(FHWA) and NAPA held a jointly meeting in June 1998.  There was a lot of 
discussion about causes and cures of the tender mix problem among the attendees 
which included state Department of Transportations (DOTs) and Industry 
representatives (Brown et al., 2000).  This shows that FHWA and NAPA are concern 
about the problems created from tender mixes and is looking forward to improve the 
mixes.   
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1.2 Problem Statement 
 
 
 Tarrer and Wagh (1991) reported that tender mixes are often difficult to 
compact to the required density.  Once the mix begins to move laterally, additionally 
rolling results in further lateral movement and does not allow for adequate 
compaction.  Even though these tender mixes may not result in loss of life, they will 
lower the overall pavement quality by increasing the roughness of the compacted 
mixes.  In general, tender mixes are difficult to roll, difficult to achieved specified 
density and occasionally rut.  Other than that, they will also displace under high 
pressure and shove and scuff under traffic (Button et al., 1980).   
 
 
A remarkable increase in traffic volume has contributed to the severe rutting 
on highway and main road in Malaysia.  Rutting is defined as the accumulation of 
small amounts of unrecoverable strain resulting from applied wheel loads to HMA 
pavement (Cooley Jr et al., 2000).  Rutting in HMA will not only decrease the life of 
pavement but also will create safety hazard to the public.  Therefore, it is necessary 
to estimate the potential of rutting on tender mixes besides investigating the 
properties of tender mixes.   
 
 
 
 
1.3 Objective 
 
 
 This study is undertaken to evaluate the properties of tender mixes as related 
to rutting problem.   
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1.4 Scope 
 
 
 In order to accomplish the objective, this study is subjected to this following 
scope and limitation:   
 
 
i. Designing two (2) ACW20 mixes using Marshall design conforming 
to Jabatan Kerja Raya (JKR) specification;   
 
a. One mix design with typical dense graded gradation but away 
from maximum density line (MDL) described as control mix.   
b. One mix design with gradation design close to MDL to 
simulate tender mix.   
 
ii. Wheel tracking machine was used to investigate the differences in rut 
depth between control mix and tender mix.   
 
 
 
 
1.5 Importance of Study 
 
 
 From this project, the properties of tender mix that are design close to MDL 
can be determined hence providing a guideline for highway engineers to produce a 
high-quality pavement through well designed gradation.  In relation to the properties, 
the suitability of the gradation to resist rutting was also be able to determined 
through analyzing the data and result from wheel tracking machine test.   
 
 
 
